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Abstract

Evaporation is one of the main parameters for the optimum
operation of reservoirs, design of irrigation systems and sci-
entific management of water resources. Accurate estimation of
the water evaporation level is crucial in any region especially in
arid and semiarid regions. In this study, the feasibility of sim-
ulation of pan evaporation in Maraghe station using the mul-
tiple regression models were investigated. Meteorological data,
including the maximum and minimum air temperatures, dew
point temperature, the maximum and minimum relative hu-
midities, the number of sunshine hours, the wind speed records
during the 1992 to 2012 (using the daily time scale) of Maraghe
synoptic station were used. Various models of multiple linear
regression (MLR) were derived for simulating the evaporation
in the mentioned station. The selected MLR model was tested
for multi-collinearity of input repressors using the Ridge Re-
gression. For this purpose, the Variance Inflation Factor (VIF),
responsible for the multi-collinearity in regression analysis, was
calculated for each of the input variables. The results showed
that all of the obtained VIFs values were less than 10 and the
multi-collinearity is not created. Furthermore, the ratio of ei-
genvalues of the correlation matrix, Amax\Amin, for the selected
model was calculated as 6.2. The selected model consisted of
the maximum relative humidity (RH,,.x), number of sunshine
hours (n), and minimum air temperature (T.,;,) as independent
inputs, and the Pan evaporation as the dependent variable, f
(RHpax Thins n). Therefore, it can be concluded that there was
no multi-collinearity in the selected MLR model. The RMSE
and R* values of the selected model (MLR) was calculated as
2.37 and 0.676 mm/day, respectively.

Keywords: Evaporation, Regression Models, Multi-collineari-

ty, Ridge Regression, Synoptic station of Maraghe.
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1- Multiple Linear Regression
2- Variance Inflation Factor
3- Correlation coefficient

4- Artificial Neural Network
5- Stephen

6- Stewart

7- Ridge Regression

Balan B, S Mohaghegh, and Ameri S. 1995. State- of-
Art- in permeability determination from well log
data: Part 1- A comparative study. Model develop-
ment. SPE. 30978:17-25.

Bowker A.H, and Lieberman G.]J. 1972. Engineering
Statistics. Prentice-Hall.

Bruton JM, Mcclendon RW, and Hoogenboom G.
2000. Estimating daily pan evaporation with arti-
ficial neural networks. Trans ASAE.43(2):491-496.

Chow V. T. Maidment D. R. and Mays L.W. 1988.
Applied Hydrology. McGraw hill, Newyork.

Googhari SK. 2012. Daily pan evaporation estima-
tion using a neuro-fuzzy-based model. ] Agric Sci
Tech. 2: 223-228.

Hirsch R.M, Helsel D.R, Cohn T.A, Gilroy E.J. 1993.
Statistical Analysis of Hydrologic Data. In: Hand-
book of Hydrology. Chapter 17. Maidement, R.
Mc GRAW-Hill, INC.

Kisi O. 2009. Modeling monthly evaporation using
two different neural computing techniques. Irrig
Sci. 27:417-430.

Ladlani I, Hauichi L, Dhemili L, Heddem S, and
Blouze Kh. 2012. Estimation of Daily Refrence
Evapotranspiration in the North of Algeria using
Adaptive Neuro-Fuzzy Inference System (ANFIS)
and Multiple Linear Regression (MLR) Models: A
Comparative Study. Arab J Sci Eng.39: 5959-5969.

Li, Y.E Min, X. and Thong-ngee, G. 2010. Adaptive
ridge regression system for software cost estimat-
ing on multi-collinear datasets. The Journal of Sys-
tem and Software. 83: 2332-2343.

Malik A, Kumar A. 2015. Pan Evaporation Simula-

Vo

23S 51,3 oslatul )90 93,08 balsy dsuwsd 53 Wlgise 9
SleMb) 31 Gulislsn jlal 5508 Ciygo 33 Olsip Guizan
el (ldlme (o 9 Jsb i gldihie 5 (ldl%e
xS 3yglp Jde 08l Cewds yo skl ol ydas g ddhis
dihio SO 50 bl dsSous 395 Oyso 3 0,5 coldtl
5 oWl 5 alSl Bl 31 0T ailine gladhie JLss 4 Wb
diate 4y 9 00)5] Cawds O 53 1) yused Jua B 09y (23l y2r

23 g jlel Oss

&U.c

AVAV ) guclus 9 £ Al lie “p ey LS
3 odlatwll s OLL Gioghn oSy Jde &l
DS Gasse ulidlse 6ad 6,8 631l sla eyl
G oSS e YO B YY (Gl O b Cojde
3205 lyes udige 04SN

z OBl 5 . sl o Oloyd o wldlas
Oow) 290y dpusin Mz sww,Sy Sladde &l VYAV
¥ Al g Of dow el liwl b gladogeyd
NP0-V0-

Juo d=uwgd MWAY > (2l 9 £e0 coda)pn o (Ghw
Ghol sladels 5 ladilse ddosi-dilSuiz OgewS) 2553
Ol @ 5 gm0 Byl i Uiy »d (PCA-MLR)
AVAFVVAS (B)FF S

9 S (3l o) (guslus 0 Oloygd O (Y i
gz oLS Gy 5 msed G vl YA e Dsayzles
(PCA) Lol sla adtie 3JU1 Gigy 31 ooliwl b (ETO)
(PCA_MLR) &8z hs iswsS) Jo drus 9
Y (VYA (853LiS milio 5 pele) S 5 OF 4y i
Fya

Ava. ¢u:gL»)l,§ 9 ¢ (w9 g cslow] o (6,8
Qo Sy psle 00 my OseaSy 38 Gy
NV sl ol ool Jlo (103) Hlel (pg=dsls

3,58 duslda NYAV STYBRY N GIRE-p ] ERA PR TY
Ghe OswS) 9 Ssan eas &S sleghy)
ot 8l Glol sladdlss Julod pulul 5 0yie iz
B 8238 Guy ) S sise (1S dilig) ke Cale
AOV-IY0 PP Lid 9 o) eliid dlome .0lp43

Almedeij J. Y+\Y. Modeling Pan Evaporation for Ku-

wait by Multiple Linear Regression. The Scientific

World Journal. 9: 10-11.

O)Sas 5.0 (g hne

BBz O30Sy sladan b Cuid dile) s polie iludud



\id

tion Based on Daily Meteorological Data Using
Soft Computing Techniques and Multiple Linear
Regression. Water Resour Manage. 29: 1859-1872 .

Mallik A.P, Jyothy S.A, and Sekhar Reddy K.C. 2013.
Daily Reference Evapotranspiration Estimation
using Linear Regression and ANN Models. The
Institution of Engineers (India). 93(4):215-221.

Salas, ].D. 1993. Analysis and modeling of hydrolog-
ical time series, Handbook of Hydrology, edited
by David R. Maidment, McGraw-Hill, New York.

Shirgure PS, and Rajput GS. 2012. Prediction of dai-
ly pan evaporation using neural networks models.
SciJ Agric. 1(5):126-137.

Shirgure PS. 2011. Evaporation modeling with neural
networks-A research review. Int ] Res Rev Soft In-
tell Comput. 1(2):37-47.

Shirsath Pb, and Kumar A.S. 2009 . A Comparative
Study of Daily Pan Evaporation Estimation Using
ANN, Regression and Climate Based Models.Wa-
ter Resour Manage. 24: 1571-1581.

Shirsath PB, Singh AK. 2010. A comparative study of
daily pan evaporation estimation using ANN, re-
gression and climate based models. Water Resour

Manag. 24:1571-1581.

WRE Y oylod p9d Jlu

Il dmags 5 OF 4y i



